Broadband field measurements were conducted beneath three different sized public shade structures, small, medium and large, during the Southern Hemisphere winter. These measurements were compared to the diffuse UV to quantify the relationship of the UV under and around the shade structures to the diffuse UV. For the shade structures, a relationship between the diffuse UV and the UV in the shade has been provided for clear 
INTRODUCTION
Solar UV radiation plays a considerable role in the health and development of human beings, from initiating the formation of vitamin D to increasing the risk skin cancer and sun-related eye disorders. Due to the phenomena of Rayleigh and Mie scattering in the atmosphere, UV radiation is incident on a horizontal surface in two components, namely direct and diffuse. The direct component is incident in a direct path from the sun, while the diffuse component is scattered and incident from all directions. This diffuse UV may also constitute a significant contribution of the UV exposure to a non-horizontal surface, e.g. to human eyes and skin, as it is incident from all directions and difficult to minimize with the usage of hats and shade environments. As people become more aware about the damaging effects of UV radiation, they will seek shaded environments to reduce their personal UV exposure (1) . Although shade does decrease direct UV levels, it is the diffuse UV that can still have high levels. Many people associate the degree of shading with the very welcome perception of a decrease in temperature; meanwhile scattered UV can still reach the shaded skin, which is often unprotected (1) .
Local governments provide many and various shaded environments for public use.
These structures include gazebos, vegetation, shade cloth, polycarbonate sheeting and various opaque building materials (2) . Various studies have been conducted to determine the levels of scattered radiation in different shade environments (e.g. 1 and 3-6).
Numerous guidelines on the construction of shade environments have also been developed (e.g. 7-11). These studies have found that over a summer period approximately 60% of the UV that causes erythema was due to the diffuse component, and that different shade environments provide different amounts of protection. Also, at times, the shade may not necessarily always be beneath the structure. At high SZA's, it may be outside the structure as shown in Figure 1 . While summer does have the highest levels of direct UV, it is not well documented how the levels of ambient diffuse UV influence the scattered UV beneath and around shaded environments. To the authors' knowledge, no previous research has concurrently measured the diffuse UV on a horizontal plane in full sun and the UV in the shade. This research compares the scattered UV levels beneath three specific shade structures, built by the local council, with that of the diffuse UV on an unshaded horizontal plane for clear skies at a Southern Hemisphere site during winter months. The data gathered is significant, because the relative proportion of scattered UV in shade is at its greatest for the higher solar zenith angles seen during winter.
MATERIALS AND METHODS
Shade Structures. Three different public shade structures were employed in this research and were located at varying public locations around the city of Toowoomba (27. in full sun between this site and the shade structure sites were less than 10%. The shade structures were located within 7 km of the roof-mounted radiometers. The diffuse SUV radiometer was specifically set up to measure the diffuse erythemal radiation by way of utilizing a shadow band to block the sun as it traverses across the sky. The error associated with the shadow-band of the diffuse SUV radiometer has been measured at approximately 10% with the appropriate correction applied to all of the necessary data.
All three radiometers are temperature stabilized to 25 o C and were intercompared with the scanning spectroradiometer described in the previous section, with an estimated uncertainty of the order of 10% for each of the radiometers.
RESULTS AND DISCUSSION

UV in the Shade of the Different Structures
The results from the three shade structures used in this research can be generalized to The relative proportion of SUV in the shade of the large shade structure decreases more rapidly than the other shade structures as the SZA decreases, this reduction can be attributed to the larger roof area obscuring more of the sky at the smaller SZA's. When comparing SUV to UVA, the shade ratios for SUV are much higher than for UVA. This occurs due to Rayleigh scattering resulting in increased scattering at the shorter wavelengths. There is also less difference between the shade structures for the UVA shade ratios; this shows that roof area has a more important role in decreasing the scattered SUV than the UVA. Figure 4a shows the levels of erythemal UV that people situated in the centre of the shade may be exposed to for a changing SZA. Figure 4b shows the UVA irradiances encountered beneath each shade structure and how these levels change as the SZA changes. For UVA, an apparent increase was observed for the large shade structure from 
Ultraviolet Protection Factor (UPF)
The shade ratios were used to obtain the ultraviolet protection factors (UPF's) for each shade structure. These are plotted as a function of SZA in Figure 5 . A definite decrease in UPF occurred as the SZA increased for each of the shade structures; this decrease took place due to the increase in the relative proportion of the scattered UV as a result of the larger SZA. The increase in UPF for the large shade structure, at the smaller SZA's, can be attributed to the fact that the centre of the shade received more protection from the roof (decreased amount of sky view) when compared to the other shade structures. 
UV in Shade and Diffuse UV
where x is the diffuse UV.
From the relationships obtained for each shade structure, field measurements were conducted and compared against the models for a range of SZA from 56 o to 62 o . For the small, medium and large shade structures variation between the field measurements and those of the models was approximately 6%, 6% and 9%, respectively. The error due to albedo from the various parts of the shade structure has been factored into the models.
CONCLUSIONS
Even in winter the erythemal UV in full sun can be more than adequate to induce erythema, with levels reaching approximately 2.5 MED/Hr during the middle of the day.
From this research it can be concluded that these specific shade structures are inadequate for providing the public enough protection against damaging UV radiation for changing SZA. Figure 1 shows the small shade structure used for this research, and how ineffective it is for shading the seats and benches for large solar zenith angles. 
